Besides the mutualistic fungus Leucoagaricus gongylophorus, Attini ant colonies support a diverse community of microorganisms (Mueller et al., 2005; Youngsteadt, 2008) , including a rich diversity of yeasts (Craven et al., 1970; Fisher et al., 1996; Carreiro et al., 1997 Carreiro et al., , 2002 Little & Currie, 2007 , 2008 Pagnocca et al., 2008 Pagnocca et al., , 2010 Pagnocca et al., , 2011 Rodrigues et al., 2009) . There are, to our knowledge, no extensive studies of the diversity of yeasts associated with Attini ants but some reports have led to the discovery of three novel species: Cryptococcus haglerorum (Middelhoven et al., 2003) , Blastobotrys attinorum (5Sympodiomyces attinorum; Carreiro et al., 2004) and Trichosporon chiarellii (Pagnocca et al., 2010) . During a field trip in the winter of 2010 to Palmas, Tocantins, Brazil (10u 109 450 S 48u 219 380 W), examinations of the fungus gardens of the leaf-cutting ant Acromyrmex balzani revealed the presence of several yeast species including three strains of a novel species. Sequences of the D1/D2 domains of the LSU rRNA gene showed that this species belongs to the Starmerella clade and that Starmerella jinningensis is its closest relative. In this paper, we provide the description of the species as Starmerella aceti sp. nov.
The two nests of Acromyrmex balzani were located in a disturbed area of cerrado (savannah-like grassland) and both were excavated according to the procedures described by Rodrigues et al. (2009) . Samples of the fungus gardens and refuse deposits were aseptically collected and stored in sterile containers for transport to the laboratory. One gram of each sample was transferred to YM broth, vortexed for 1 min and diluted 10-fold. Aliquots of 100 ml were spread in triplicate on the surface of each YM agar (0.3 % yeast extract, 0.3 % malt extract, 0.5 % peptone, 1.0 % glucose, 2.0 % agar; Yarrow, 1998) and MYP media (0.7 % malt extract, 0.05 % yeast extract, 0.25 % soytone, 1.5 % agar; Sampaio et al., 2001) ; both media were supplemented with 0.01 % chloramphenicol and had pH 4.0. Plates were then incubated at 20 u C in the dark and monitored daily up to 5 days. Colonies showing different morphotypes were collected as soon as they grew on plates, purified on YM agar and maintained at 280 u C in GYMP broth (2 % glucose, 1 % malt extract, 0.5 % yeast extract, 0.2 % NaH 2 PO 4 ) containing 15 % glycerol (v/v). Physiological tests were performed by replica plating on solid media and in liquid media according to the standard methods described by Kurtzman et al. (2011a) . Colony morphology was examined after growth over 1-3 days on YM agar at 25 u C, while cell morphology was studied with a phasecontrast microscope (DM 750, Leica; software Leica Application Suite v. 3.5.0, Leica) from 24-hour-old cultures in YM broth. Microscopic characteristics were also studied in corn meal agar after 3 days at 25 u C using the slide culture technique. Ascosporulation was investigated using YM agar, 5 % malt extract agar, acetate agar, GY agar, corn meal agar and YCB with 0.01 % ammonium sulfate (YCBAS), individually or as pairwise combination on the sporulation media, incubated at 14 u C and 25 u C and observed over 6 weeks.
Genomic DNA from the strains was extracted following the protocol of Sampaio et al. (2001) . Microsatellite primed PCR (MSP-PCR) using the primer (GTG) 5 was used to check the similarity between isolates. Strains were identified by sequencing the D1/D2 variable region of the LSU rRNA gene, amplified with primers NL1 and NL4 (Kurtzman & Robnett, 1998) . The ITS region was amplified and sequenced using primers ITS1 and ITS4 (White et al., 1990) . PCR was performed as previously described by Pagnocca et al. (2008) , and the products were purified using NucleoSpin Gel and PCR Clean-up (Macherey-Nagel). Sequences were generated in ABI 3130 genetic analyser (Life Technologies) using BigDye Terminator v 3.1. Forward and reverse sequences were edited and used to assemble contigs in BioEdit v7.1.3 (Hall, 1999) . The databases from the Centraalbureau voor Schimmelcutures (CBS) and the NCBI GenBank were used to search for homologous sequences. A total of 39 sequences were selected for phylogenetic analysis and were aligned in MAFFT v7 (Katoh & Standley, 2013 ) and the final alignment was trimmed manually in BioEdit v7.1.3. The phylogenetic reconstruction was conducted in RAxML v7.2.8 (Stamatakis, 2006) using the maximum-likelihood (ML) algorithm and sites with gaps were excluded from the analysis (the final dataset included 417 sites). Using the General Time Reversible (GTR) substitution model and GAMMA correction for the rate variation among sites, we performed a reconstruction of 1000 ML trees and the one with the best score was kept. Reliability of tree topology was evaluated by 1000 bootstrap replicates and this number proved to be sufficient under a posteriori evaluation (Pattengale et al., 2010) . From the fungus gardens of both nests four strains were isolated, one was Aureobasidium pullulans (one isolate, nest 1) and the remaining three were representatives of the novel species, Starmerella aceti sp. nov. One strain was isolated on YMA (from nest 2) and the remaining two strains were recovered from nest 1, one being the type strain TO 125, which was isolated in YMA and the other was isolated in MYP.
Probably most of the strains found in the fungus gardens are brought in during foraging by worker ants. On the other hand, Aureobasidium spp. and Cryptococcus spp. have been consistently isolated from Attini nests (Pagnocca et al., 2011) . The genus Aureobasidium is commonly found on the surface of several fruits and vegetables (Schena et al., 1999) , in environments with different water activities, such as the phyllosphere (Andrews et al., 1994) , bathrooms, food and feeds (Samson et al., 2004) and species of this genus are known to be producers of the biodegradable extracellular polysaccharide, pullulan (Zalar et al., 2008) . Aureobasidium pullulans has been recognized as a producer of amylases, bglucosidases and pectolytic enzymes (Iembo et al., 2002; Leite et al., 2007) . The genus Cryptococcus has a worldwide distribution and may be found in aquatic habitats, soil, plant stems and phyllosphere (Sláviková & Vadkertiová, 2000; Fonseca & Inácio, 2006) . It has been frequently isolated from the fungus gardens and refuse deposits of Attini ants (Carreiro et al., 1997 (Carreiro et al., , 2002 Middelhoven et al., 2003; Pagnocca et al., 2008 Pagnocca et al., , 2010 and probably these fungi are transported into the nests through the plant material collected by workers (Carreiro et al., 1997) . Species of the genera Aureobasidium and Cryptococcus may play an important role in the degradation of the fresh plant material, generating nutrients and promoting detoxification in the fungus gardens of leaf-cutting ants (Mendes et al., 2012) .
All the strains of Starmerella aceti sp. nov. have identical morphological and physiological characteristics and the MSP-PCR fingerprint profile confirmed that they were similar. DNA sequencing of all Starmerella aceti strains showed that the D1/D2 domains of the LSU rRNA were identical and accommodated in the Starmerella clade. A specific subclade (highlighted in grey in Fig. 1 ) seems to be a consistent group within the Starmerella clade and included Starmerella aceti and its closest relatives. The same subclade has been found in the phylogenetic inferences published in a recent study by Daniel et al. (2013) . Strains representing two undescribed species, Starmerella sp. 2-1361 and Candida sp. UWOPS 00-107 and two known species, Starmerella jinningensis CBS 11864 T and Candida bombi CBS 5836 T are the closest relatives of the novel species Starmerella aceti (Fig. 1) . The novel species can be distinguished from Starmerella jinningensis by the ability to ferment glucose, growth on melibiose, vitamin-free medium and 1 % acetic acid and by the inability to assimilate galactose, L-sorbose, D-mannitol, succinate, xylitol, cadaverine, L-lysine and ethylamine. No growth was observed on 50 % glucose nor in the presence of 0.01 % cycloheximide. Starmerella aceti The Starmerella clade (Rosa & Lachance, 1998) , including several species named as members of the genus Candida, comprises more than 40 yeast species (Morais et al., 2013) , most of them associated with plant materials and flowerassociated insects (Rosa & Lachance, 1998; Teixeira et al., 2003; Li et al., 2013; Sipiczki, 2013) . Starmerella aceti, isolated from the fungus garden of the leaf-cutting ant Acromyrmex balzani, may have its primary habitat in plants, reaching the fungus garden by the action of workers during the foraging process. Starmerella jinningensis CBS 11864 T , the most closely related species to Starmerella aceti was isolated from Erianthus rufiplus (Gramineae) flowers, frequently visited by insects, and they probably act as vectors of this yeast species (Li et al., 2013) . Candida bombi CBS 5836 T was first isolated from a bumble bee (Bombus sp., Hymenoptera: Apidae; Montrocher, 1967) , but its presence was also recorded from nectar of true oxlip (Primula elatior, Primulaceae), from proboscis and body of Bombus cryptarum and Bombus hortorum, from the nectar of stinking hellebore (Helleborus foetidus, Ranunculaceae) (Kurtzman et al., 2011b) . Acromyrmex balzani has the habit of foraging monocotyledons, especially grasses (Pimenta et al., 2007) . The nests are usually built in open areas, in soils with low humidity, and the opening has a little tower built of straw fragments and other plant residues. The nests usually have a maximum depth of 95.0 cm with two to six round chambers 4 to 10 cm wide (Silva et al., 2010) . The present study appears to be the first to assess the yeast community of this ant species. Rosa & Lachance (1998) 
Emendation of the genus Starmerella Rosa & Lachance

Mycobank: MB 805541
Etymology: Starmerella aceti (a.ce9ti. L. gen. n. aceti of vinegar), referring to the ability of this yeast to grow vigorously on 1 % acetic acid.
In YM broth after 24 h at 25 u C, cells are apiculate, ovoid to elongated, 2-3.166.6-7.2 mm, single or in pairs. After one week, a small chain of three or four cells may be observed in corn meal agar slide cultures. Vegetative reproduction is typically bipolar, including rather wide septa (Fig. 2 ). Sediment and a surface ring are visible after 7 days.
After 3 days on YM agar at 25 u C, colonies are creamcoloured, smooth, convex, with entire margins and butyrous. In Dalmau plates after 7 days on corn meal agar at 25 u C, primitive or true pseudomycelium are not formed nor are ascospores observed in individual strains or in pairwise combinations of strains on YM agar, 5 % malt extract agar, acetate agar, GY agar, corn meal agar and YCBAS agar, incubated at 14 and 25 uC and observed over 42 days.
The following carbon compounds are assimilated: glucose, sucrose, melibiose, raffinose (weakly), L-arabinitol (weakly) ( Table 1) 
